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SUMMARY  AND  CONCLUSIONS 


Classical  indications  of  oligotrophy  in  Bernard 
Lake  were  minor  variations  with  depth  in  total  phosphorus, 
total  Kjeldahl,   ammonia  and  nitrate  nitrogen  and  relatively 
low  numbers  of  the  diatoms  Cyclotella,   Fragilaria,  Synedra, 
Tabellaria  and  Asterionella.       Indications  of  early  meso- 
trophy  were  the  slight  clinograde  oxygen  distribution  curves, 
the  development  of  a  short-lived  mid-depth  oxygen  maximum, 
higher  concentrations  of  silica  in  the  hypolimnion  than  in 
the  epilimnion  and  the  occurrence  of  relatively  high  levels 
of  the  blue-green  algae  Anacystis ,   Chroococcus ,  Aphanothece 
and  Gomphosphaeria.       Definite  indicators  of  eutrophy  were 
not  detected. 

Bacteriologically ,  Bernard  Lake  is  an  excellent  source 
of  domestic  water  supply  for  the  Village  of  Sundridge. 
Physical,  chemical  and  biological  data  indicate  that  the 
water  is  best  suited  to  the  demands  of  a  municipal  supply 
when  water  is  obtained  from  a  depth  below  the  euphotic  zone, 
yet  above  the  water  strata  where  reduction  may  occur  (i.e. 
75-80  feet) . 

The  deeper  portions  of  the  hypolimnion,   although  much 
less  productive  than  the  epilimnion,  contain  moderate  levels 
of  algae  during  certain  periods  of  the  year.  Troublesome 
levels  of  taste-and  odour-producing  algae  were  found  at  all 
depths  and  stations  sampled.       If  water  from  a  depth  of 
75  feet  is  used  for  municipal  supply  purposes,   treatment  need 
only  include  chlorination  and  provision  for  taste  and  odour 
reduction  when  required. 

If  nutrients  from  a  proposed  sewage  lagoon (s)  should 
be  allowed  to  gain  access  to  Bernard  Lake,  productivity  and 
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problems  associated  with  water  supply  and  treatment  will 
be  augmented,   as  will  adverse  effects  on  recreational  use 
and  aesthetic  values. 


WATER  QUALITY  EVALUATION  OF  BERNARD  LAKE  -  1969 


INTRODUCTION 

On  August  29  and  October  2,   1968,   personnel  of  the 
District  Engineers  Branch  of  the  Division  of  Sanitary 
Engineering  collected  samples  from  Lake  Bernard  in  connec- 
tion with  evaluating  the  lake  as  a  potential  source  of 
potable  water  for  the  Village  of  Sundridge.       The  samples 
were  submitted  to  the  Biology  Branch  for  microscopic 
analyses.       Examination  of  the  results  which  were  forwarded 
to  the  District  Engineers  Branch   (Memorandum  re:  Biological 
Analyses  of  Samples  from  Bernard  Lake,  December  6,  1968) 
indicated  "...   that  the  biological  quality  of  the  water  is 
best  suited  to  the  demands  of  a  municipal  supply  source  for 
Sundridge  when  water  is  obtained  from  a  depth  below  the 
euphotic  zone,  yet  above  the  water  strata  where  reduction 
occurs   (i.e.   35-50  feet).       It  should  be  emphasized  that 
during  certain  periods  of  the  year  it  is  likely  that  water 
obtained  from  this  lake  will  contain  relatively  high  algal 
levels.       Additionally,  certain  species  may  affect  the 
palatability  of  the  water."       It  was  recommended  that 
further  sampling  be  carried  out  to  more  accurately  assess 
the  suitability  of  Bernard  Lake  as  a  potential  municipal 
supply  source.       Subsequently,  personnel  of  the  Biology 
Branch  carried  out  a  survey  to  provide  an  assessment  of 
the  water  quality  of  this  lake. 
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GENERAL  DESCRIPTION  OF  THE  STUDY  AREA 

Bernard  Lake  is  located  in  the  Township  of  Strong, 
District  of  Parry  Sound,   approximately  165  miles  north  of 
Toronto  on  Highway  No.    11    (Fig.    1) .       The  lake  is  about 
5  miles  long  and  averages  approximately  2\  miles  in  width, 
with  its  long  axis  running  on  a  north-south  direction.  The 
estimated  surface  area  of  the  lake  is     5,140  acres, with  a 
maximum  depth  of  200  feet.       Outcroppings  of  pre-Cambrian 
igneous  and  metamorphic  rock  and  outwash  sands  constitute 
most  of  the  watershed.       Six  streams  enter  the  north  end  of 
the  lake  while  a  seventh  connects  Pool  Lake  to  the  south- 
eastern portion  of  Bernard  Lake.       The  lake  is  drained  by 
Bernard  Creek  which  eventually  joins  the  Magnetawan  River 
system.       A  small  area  of  vascular  aquatic  plants  was 
observed  in  the  north-eastern  section  of  the  lake. 

The  Village  of  Sundridge , with  a  population  of  714 
(1966  assessment) ,   is  located  on  the  northern  shore  of 
Bernard  Lake.       Summer  camps,  private  cottages,  permanent 
residences  and  commercial  tourist  establishments  are  located 
on  the  shoreline  surrounding  the  lake.       During  the  summer 
months,   the  residential  population  and  business  endeavours 
increase  owing  to  a  substantial  influx  of  tourists. 

The  lake  is  used  almost  exclusively  for  boating, 
swimming,   fishing  and  other  water-oriented  recreational 
pursuits.       The  aesthetic  values  of  Bernard  Lake  are 
particularly  significant,   especially  from  the  standpoint 
of  tourist  attraction.       The  Village  of  Sundridge  does  not 
use  Bernard  Lake  as  a  source  of  potable  water,   although  a 
few  local  residents  do  have  water  intakes  extending  into 
the  lake.       Most  villagers  obtain  their  water  from  private 
wells,  most  of  which  are  artesian. 
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A  report   (OWRC  1966)    prepared  by  the  District 
Engineers  Branch  of  the  Division  of  Sanitary  Engineering 
stated  that  septic  tanks  and  tile  beds  were  commonly  used 
for  sewage  disposal.       Further,   the  report  said,    "Some  of 
these  systems  which  were  constructed  prior  to  the  current 
inspection  standards  have  proven  inadequate,  causing  over- 
flow or  ponding  of  sewage  effluent.       Reportedly,  the 
village  under  the  supervision  of  the  Medical  Officer  of 
Health  is  actively  engaged  in  the  locating  and  repairing 
of  malfunctioning  systems."       Nonetheless,   any  sewage 
effluent  which  gains  access  to  various  open  ditches  or 
storm  drains  eventually  would  reach  Bernard  Lake. 

METHODS 

Field  methods 

Physical  measurements  and  sample  collections  were 
made  on  ten  days  between  May  15  and  September  30,  1969. 
The  field  work  was  carried  out  at  Station  A   (75  feet)  and 
Station  B   (35  feet) ,   locations  which  approximated  two 
potential  sites  where  the  proposed  intake  could  be  located. 
On  two  occasions   (August  27  and  September  30)  measurements 
and  collections  were  carried  out  at  Station  C   (Fig.    1)  in 
order  to  determine  whether  Stations  A  and  B  were  represen- 
tative of  deeper-water,  mid- lake  conditions. 

Temperature  readings  were  made  using  a  telethermometer 
and  an  index  of  light  penetration  was  obtained  by  means  of 
a  Secchi  disc.       Dissolved  oxygen  concentrations  were  estab- 
lished using  the  Winkler  method.       Manganese  sulphate, 
alkaline  azide  and  sulphuric  acid  reagents  were  added  in 
the  field  while  titration  with   . 0045N  sodium  thiosulphate 
solution  was  carried  out  in  the  mobile  laboratory  at  Port 
Carliing . 
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Bacteriological  samples  were  obtained  from  6  depths 
to  75  feet  at  Station  A  and  to  125  feet  at  Station  C,  and 
from  4  depths  to  35  feet  at  Station  B  by  means  of  a  sterile 
237-ml  air  syringe   (Daval  Rubber)   mounted  on  a  device 
based  on  a  modification  of  the  "piggy-back"   sampler  of 
Sieburth   (1963) .       These  samples  were  kept  cool  during 
transit  and  processed  immediately  upon  arrival  at  the 
OWRC  laboratory  in  Toronto. 

Forty-ounce  chemical  and  biological  samples  were 
obtained  from  the  aforementioned  depths  using  a  Van  Dorn 
sampler.       Samples  obtained  for  identification  and  enumera- 
tion of  algae  were  preserved  with  Lugol's  iodine  at  the  time 
of  sampling.       All  samples  were  returned  to  the  OWRC  labora- 
tory in  Toronto  for  analyses. 

Laboratory  methods 

Nutrient  analyses  were  performed  on  each  water  sample 
for  nitrogen   (total  Kjeldahl,   nitrate , ammonia  nitrogen  as 
N) ,   total  phosphorus   (as  P)    and  orthosilicate   (as  Si02) • 
Also,   determinations  for  pH,   iron,  colour  and  turbidity  were 
completed.       All  analyses  were  conducted  following  standard 
procedures   (A.P.H.A.   et  al.  1965). 

The  algal  samples  were  concentrated  by  allowing  the 
cells  to  settle  for  72-96  hours,   and  the  overlying  liquid 
was  then  syphoned  or  decanted.       Subsequently,   the  cells  were 
re-suspended  into  a  Sedgwick- Rafter  counting  cell.       All  of 
the  algal  forms  were  identified  to  genus  at  a  magnification 
of  200X.       Numerical  results  were  recorded  as  areal  standard 
units   (a.s.u.)   per  millilitre.       One  areal  standard  unit  is 
equal  to  an  area  of  400  square  microns   (Whipple  1914) .  The 
areal  value  was  employed  because  of  its  usefulness  in  measuring 
standing  stocks  of  algae  and  because  it  is  extremely  useful 
when  relating  algal  levels  to  problems  associated  with  water 
treatment  and  supply.       Depending  on  the  density  of  the 
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concentrate,   strips  or  fields  were  counted.       To  render 
results  statistically  accurate,  between  150  and  200 
organisms  per  raillilitre  were  identified  and  measured. 

Water  samples  for  bacteriological  examination  were 
analyzed  by  membrane  filtration  for  total  coliforms 
according  to  standard  procedures   (A.P.H.A.   et  al.  1965). 

RESULTS 

Physical  aspects 
Colour 

Samples  were  analyzed  for  colour  on  September  17 
and  30  only.       Readings  of  less  than  5  units   (as  True 
Colour  Units)   were  recorded  for  the  September  17  samples 
from  Stations  A  and  B,  whereas  on  September  30,   values  of 
less  than  10  units  were  recorded  at  three  sampling  locations. 

Turbidity 

Turbidities  expressed  in  Jackson  Turbidity  Units  are 
summarized  in  Table  1.       No  definite  patterns  in  the 
vertical  distribution  of  turbidity  were  detected  at  the 
three  sampling  sites. 

Temperature 

At  Station  A  on  May  15,   the  water  was  homothermous 
(Fig.   2a)    and  by  July  3  a  well-defined  thermocline  or  zone 
of  rapid  temperature  change  was  apparent,   characterized  by 
a  decrease  in  water  temperature  of  6.5°C  between  30  and  60 
feet   (Fig.   2b) .       By  July  31  the  temperature  difference  had 
increased  to  11.0°C  owing  to  the  warming  effect  of  the 
surface  layers  of  the  lake   (Fig.   2c) .       The  thermocline  was 
clearly  evident  on  September  30,   the  final  day  of  sampling 
(Fig.2e).       No  distinct  layering  of  waters  was  observed  at 
Station  B,   although  a  drop  of  6°C  was  recorded  in  the  lower 
5  feet  of  depth  on  July  31.       The  temperature  at  this  near- 
shore  location  never  varied  more  than  6°C  between  the  surface 


CM 

00 

CM 

O 

i— 1 

• 

• 

• 

CM 

i-l 

CM 

CM 

o 

CM 

• 

• 

• 

CO 

l-l 

i-H 

00 

CM 

CM 

P 

id 

< 

• 

• 

• 

u 

n 

r-l 

CM 

CO 

<3) 

CO 

>1 

I-l 

id 

c 

id 

B 

B 

0 

m 

•H 

0 

4J 

•H 

•rH 

id 

• 

X 

C 

(d 

■p 

0 

id 

-H 

CO 

g 

g 

g 

Dissolved  Oxygen     (percent  saturation)  Dissolved  Oxygen    (percent  saturation) 


Temperature  (°C.) 


Temperature 


<°C  ) 


\ 

Station  A 

September  30 

2e 

D.O. 

/ 

/ 

/ 

/  / 

/  1 

/  1 

/  1 

/       1  °C 

/  / 
/  1 
/  1 
1  1  h  

— I  ,  1 

,  r  .... 

5  10 

15 

20  25 

55 

75 

95 

1  1 

1 

20- 


°C.  I 


10 


15 


20 


25 


Depth 
(ft) 


20- 


30- 


• 

Station  B 

September  30 

2e 

D.O. 

°C. 

/ 

 r        t  -     '7 — 

0          5         10  15 

i  i 

20  25 

Temperature  (°C.) 


Fig.    2.       Dissolved  oxygen 
(solid  line)    in  percent 
saturation  and  temperature 
(broken  line)    in  °C.  at 
Stations  A,   B  and  C  in 
Bernard  Lake,  1969. 


Temperature  (°C.) 


-9- 


and  bottom   (Fig.'s.    2a  to  2e) .       Of  particular  significance 
was  the  fact  that  temperature  readings  below  16 °C  were  never 
recorded  between  July  3  and  September  30  at  Station  B. 
The  highest  values  for  this  period  were  reported  on  July  31 
(Fig.    2c) .       At  Station  C,   thermal  stratification  was  well 
established  on  August  27  as  the  water  temperature  decreased 
from  14.5°C  at  40  feet  to  10.0°C  at  60  feet.       However,  by 
September  30,   evidence  of  a  breakdown  in  the  summer  thermal 
regime  was  apparent   (Fig.   2f) . 

Mean  Secchi  disc  readings  at  Stations  A,  B  and  C 
in  Bernard  Lake  were  13.7,    13.5  and  13.2  feet,  respectively. 
These  figures  may  be  used  to  calculate   (X2)    a  theoretical 
euphotic  zone  or  zone  of  algal  production  of  27.4,   27.0  and 
26.4  feet  for  the  three  stations. 

Chemical  considerations 

Dissolved  oxygen 

Clinograde  oxygen  distributions  were  detected  during 
the  summer  months  at  Station  A,   characterized  by  slight 
reductions  in  the  deeper  layers  of  the  lake   (Fig. '  s.    2b,  2c, 
2d  and  2e) .       The  lowest  oxygen  measurement  recorded  was 
57%  saturation   (or  9.5  mg/1)    at  75  feet  on  September  30 
(Fig.   2e) .       Of  particular  importance  was  the  development 
of  a  striking  oxygen  maximum   (Fig.   2d)   during  the  latter 
part  of  August  in  the  lower  portion  of  the  epilimnion  (zone 
of  warmer  water  above  the  stable  thermocline) .  During 
this  period  oxygen  saturations  up  to  133%  or  12.3  mg/1  at 
19.5°C  were  found  at  approximately  30  feet;   this  type  of  dis- 
tribution is  termed  positive  heterograde.       On  May  15  at 
Station  B,   the  distribution  of  dissolved  oxygen  was  orthograde 
or  non-diminishing   (Fig.   2a) .       However,   slight  reductions  were 
apparent  in  the  bottom  5  feet  during  the  warmer  weeks  of 
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July,  August  and  September   (Fig.'s.   2b,   2c,   2d  and  2e) . 
A  distinct  clinograde  distribution  commencing  at  40  feet 
was  apparent  at  Station  C   (Fig.  2f) 

pH 

With  minor  exceptions,   the  pH  was  higher  in  the 
surface  waters  than  in  the  deeper  strata  at  the  three  sampling 
locations.       Considering  the  entire  study  period,  pH  at 
Stations  A,   B  and  C  ranged  between  6.5  and  7.8,   6.7  and  8.0 
and  6.6  and  7.7,  respectively. 

Nutrient  considerations 

A  summary  of  nutrient  data  is  provided  in  Table 
2 .       At  Station  A  total  phosphorus  concentrations  in  the 
hypolimnion   (zone  of  colder  water  below  the  stable  thermo- 
cline)   were  similar  to  those  recorded  from  samples  collected 
from  epilimnetic  waters.       However,   in  July  a  few  relatively 
high  values  at  30  feet  were  observed.       These  values  appeared 
to  coincide  with  the  lower  strata  of  the  epilimnion  and  the 
thermocline.       At  Stations  B  and  C  only  slight  differences 
in  total  phosphorus  levels  were  apparent  between  surface 
and  bottom  samplings.       Concentrations  of  iron  were  uniform 
with  depth  at  Stations  A  and  B.       The  lowest  values  were 
recorded  at  Station  B    (35  feet) .       No  traces  of  iron  were 
detected  at  Station  C. 

Total  Kjeldahl  and  free  ammonia  in  Bernard  Lake  were 
slightly  higher  in  the  hypolimnion  than  in  the  epilimnion. 
Nitrate  values  showed  a  similar  pattern,   except  at  Station  B 
where  levels  were  constant  with  depth. 

The  distribution  of  orthosilicate   (mean  values)  in- 
creased with  depth  from  0.52  to  1.51  mg/1  for  Station  A, 
from  0.54  mg/1  to  0.62  mg/1  for  Station  B  and  from  0.30 
to  2.10  mg/1  for  Station  C. 
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Bacteriological  conditions 

A  summary  of  the  bacteriological  analyses  is  pro- 
vided in  Table  3.       Numbers  of  coliform  bacteria  were 
relatively  low,   except  for  samples  taken  on  August  8  when 
the  weather  was  extremely  warm. 

Phytoplankton  populations 

Figures  3  to  7  depict  the  vertical  distribution  of 
standing  stocks  of  phytoplankton  at  three  locations  on 
each  sampling  date  for  the  period  May  15  to  September  30. 
At  Stations  A  and  B3   algal  levels  were  moderate  to  moderately 
high  from  May  until  the  middle  of  August.       However,  from 
mid-August  until  the  termination  of  the  sampling  programme, 
phytoplankton  levels  increased  substantially.  Highest 
total  a.s.u.   values  were  1,877    (15  feet)    for  Station  A  and 
2,055   (15  feet)    for  Station  B  on  September  30  and  15, 
respectively. 

During  May  and  June  at  the  two  near- shore  stations, 
the  algae  generally  were  distributed  uniformly  with  depth. 
However,   in  July,  August  and  September  at  Station  A  highest 
numbers  were  recorded  from  samples  of  epilimnetic  origin 
owing  to  the  development  of  many  species  of  blue-green  algae 
(Fig.'s  3  and  4).       Moderately  high  numbers  of  phytoplankton 
were  apparent  periodically  throughout  the  study  period  at 
the  deeper  sampling  depths   (30  and  35  feet)    at  Station  B 
(Fig.   3) . 

Synedra,  Tabellaria,   Fragilaria,  Asterionella  and 
Cyclotella  were  the  dominating  diatoms  in  Bernard  Lake. 
During  the  latter  part  of  August  these  algae  decreased  in 
relative  importance  while  the  blue-green  algae  including 
Anacystis ,   Chroococcus ,  Aphanothece ,   Gomphosphaeria  and 
Anabaena  became  relatively  abundant,  with  highest 
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S TAT I ON  B 


Fig.  3.      Standing  stocks  of  total  phytoplankton  at  Stations  A  and  B. 

Bernard  Lake,   on  ten  days  between  May  15  and  September  30. 
1969.       All  results  are  expressed  in  areal  standard  units 
per  millilitre. 
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Fig.    4.     Standing  stocks  of  flagellates  at  Stations  A  and  B,  Bernard 

Lake,  on  ten  days  between  May  15  and  September  30,  1969.  All 
results  are  expressed  in  areal  standard  units  per  millilitre. 
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Fig.      5  .      Standing  stocks  of  blue-green  algae  at  Stations  A  and  B, 

Bernard  Lake,   on  ten  days  between  May  15  and  September  30. 
1969.       All  results  are  expressed  in  areal  standard  units 
per  millilitre. 
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Fig.     6.      Standing  stocks  of  diatoms  at  Stations  A  and  B,   Bernard  Lake, 
on  ten  days  between  May  15  and  September  30.    1969.  All 
results  are  expressed  in  areal  standard  units  per  millilitre. 


Fig.    7.     Standing  stocks  of  phytoplankton  at  Station  C,   Bernard  Lake, 
on  August  27  and  September  30.    1969.       All  results  are 
expressed  in  areal  standard  units  per  millilitre. 
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numbers   (1,866  a.s.u.   per  ml)    occurring  at  a  depth  of 
15  feet  at  Station  B,   on  September  17.       Dominant  represen- 
tatives of  the  flagellate  grouping  during  May  and  June 
included  Dinobryon,   Chlamydomonas ,  Peridinium,  Cryptomonas 
and  Trachelomonas .       The  highest  value  recorded  for  this 
group  was  260  a.s.u.   per  ml  on  June  19   (Station  A,   40  feet) 
when  Chlamydomonas ,  Dinobryon  and  Cryptomonas  prevailed. 
Although  green  algae,   the  most  important  of  which  were 
Crucigenia,   Scenedesmus ,   Cosmarium,   Oocystis  and  Dictyosphaer ium , 
were  observed  in  virtually  every  sample,   corresponding  values 
were  extremely  low  and  never  exceeded  a  maximum  value  of 
124  a.s.u.   per  ml    (Station  A;   September  30,    15  feet). 

On  August  27  at  Station  C,   a.s.u.   values  were  slightly 
higher  than  those  detected  at  the  two  near-shore  stations; 
but  on  September  30,   standing  stocks  at  Station  C  were  con- 
siderably lower  than  those  reported  from  either  Station  A 
or  Station  B.       As  expected,   numbers  of  algae  decreased 
with  depth  at  Station  C   (Fig.   7) .       The  composition  of 
phytoplankton  communities  at  this  deepest  sampling  site 
was  similar  to  those  found  at  the  near-shore  locations. 

DISCUSSION 

Status  of  enrichment  in  Bernard  Lake 

Depending  upon  the  degree  of  plant  nutrient  enrich- 
ment and  resulting  biological  productivity,   lakes  of  north 
temperate  regions  as  well  as  many  tropical  lakes  have  been 
classified  into  three  intergrading  types:  oligotrophic , 
mesotrophic  and  eutrophic.       Oligotrophic  lakes  are  poorly 
supplied  with  plant  nutrients  and  support  little  plant  growth. 
As  a  result,   these  lakes  are  generally  deep, clear  and  unpro- 
ductive with  the  deeper  waters  well  supplied  with  oxygen 
throughout  the  year.     Such  lakes  support  cold-water  species  of 
fish  such  as  lake  trout,  whitefish  and  herring.     Eutrophic  lakes 
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on  the  other  hand  are  richly  supplied  with  plant  nutrients 
and  support  heavy  plant  growths.       These  lakes  are  turbid, 
warm,  productive  and  contain  warm-water  game-fish  species 
such  as  walleye,  pike,  perch  and  other  less  valued  species, 
for  example,   catfish  and  carp.       The  deeper  waters  become 
depleted  in  oxygen  in  the  summer  owing  to  decomposition  of 
the  abundant  organic  material  produced.       Lakes  of  inter- 
mediate types  are  termed  mesotrophic ;   that  is,    they  have  a 
moderate  supply  of  nutrients,  plant  growths  and  biological 
production. 

Secchi  disc  readings  depend  upon  the  quantity  of 
particulate  suspended  material   (i.e.  microscopic  plants  or 
phytoplankton,   zooplankton  ,silt ,   etc.),  coloured  matter, 
(i.e.  humus,   tannins,   etc.)    in  the  water.       Secchi  disc 
readings  of  approximately  13.5  feet  in  Bernard  Lake  were 
slightly  greater  than  that  observed  in  Silver  Lake  (12.5 
feet)  ,   a  mesotrophic  lake  located  near  Port  Carling 
(Michalski  and  Robinson  1969) ,  yet  less  than  those  recorded 
in  oligotrophic  Lake  Joseph   (25.0  feet,   unpublished  OWRC 
data) .       The  primary  factor  contributing  to  differences  in 
light  penetration  between  the  three  lakes  undoubtedly  can 
be  related  to  differences  in  phytoplankton  abundance. 

A  clinograde  oxygen  distribution  curve  is  characteris- 
tic of  productive  lakes.       However,   only  slight  reductions 
in  oxygen  concentrations  were  detected  on  most  sampling  days 
at  the  deep-water  stations  in  Bernard  Lake   (Fig. 's  2a  to 
2f) ,   and  all  depths  were  well  supplied  with  oxygen  during 
the  summer  months;  for  example,   saturations  never  dropped 
below  57%  or  9.5  mg/1.       The  positive  heterograde  oxygen 
curve  which  developed  during  August   (Fig.    2d)    resulted  from 
optimum  photosynthesis  in  the  lowest  portion  of  the  epilimnion. 
This  particular  type  of  distribution  during  the  late  summer 
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is  similar  to  that  reported  from  a  number  of  small  meso- 
trophic  lakes  in  Indiana   (Eberly  1959,   1963,   1964;  Wetzel 
1966),  Austria   (Findenegg  1963,   1964),  Minnesota  (Baker 
et  al .    1969)    and  Ontario   (Michalski  and  Robinson  1969) ,  all 
of  which  are  generally  well  protected  from  wind  action. 
The  positive  heterograde  distribution  in  Bernard  Lake  did 
not  appear  to  last,    undoubtedly  owing  to  the  fact  that  the 
lake  is  relatively  large  and  affected  by  wind  and  wave 
action. 

The  higher  pH  values  in  the  surface  waters  (when 
compared  with  those  in  the  hypolimnion)    resulted  from  the 
reduction  of  free  and  Ca   (11003)2  during  photosynthesis. 

The  decrease  in  pH  in  hypolimnetic  waters  was  related  to 
conditions  of  decomposition  with  corresponding  CO2  and 
Ca  (11003)2  increases. 

In  oligotrophic  lakes  little  variation  with  depth 
exists  in  total  phosphorus.       As  outlined  previously, 
total  phosphorus  concentrations  in  the  hypolimnetic  waters 
were  similar  to  those  recorded  from  samples  of  epilimnetic 
origin.       The  few  relatively  high  values  for  total  phosphorus 
on  July  3  at  15  and  30  feet  are  inexplicable.       The  fact 
that  iron  did  not  increase  in  the  hypolimnion  during  the 
summer  stagnation  period  is  a  reflection  of  the  well- 
oxygenated  nature  of  the  deeper  waters. 

In  oligotrophic  lakes  little  variation  with  depth 
in  Total  Kjeldahl,   ammonia  and  nitrate  nitrogen  occurs. 
This  was  observed  in  Bernard  Lake. 

Increases  of  silica  in  the  hypolimnion  can  indicate 
mesotrophy  or  eutrophy  in  a  lake.       The  slight  increases  of 
this  compound  in  the  deeper  waters  of  Bernard  Lake  provide 
a  suggestion  of  early  mesotrophy. 
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Generally,  phy toplankton  levels  in  Bernard  Lake 
were  moderate  to  moderately  high.       The  most  important 
diatoms   (Cyclotella,   Fragilaria,   Synedra,  Tabellaria  and 
As terionella)   have  previously  been  observed  in  Lake  Panache, 
an  oligotrophia  lake   (Michalski  1968) .       The  most  abundant 
phytoplankters  which  developed  in  the  lake  were  represented 
by  numerous  species  of  blue-green  algae  including  Anacystis, 
Chroococcus ,  Aphanothece  and  Gomphosphaer ia .       The  presence 
of  many  similar  species  have  been  reported  from  Dunlop  Lake 
(Johnson,  Michalski  and  Christie  1970)    and  Silver  Lake 
(Michalski  and  Robinson  1969) ,   two  distinctly  mesotrophic 
lakes  located  in  pre-Cambrian  shallow  soil- impervious  bed- 
rock areas  of  Northern  Ontario.       Considering  the  composition 
of  phy toplankton  communities,   it  is  apparent  therefore  that 
Bernard  Lake  can  be  classified  as  oligotrophic  to  mesotrophic. 

Evaluation  of  Bernard  Lake  as  a  potential 
source  of  domestic  water  supply  

General 

Water  for  domestic  uses  must  be  free  from  pathogenic 
organisms,   chemical  substances  and  microscopic  organisms 
which  would  otherwise  impair  the  quality  of  the  water.  Other 
considerations,   such  as  corrosiveness ,   tendency  to  form  in- 
crustations,  excessive  soap  consumption  and  effects  of  local 
pollutional  sources  are  important  in  evaluating  the  quality 
of  water  intended  for  domestic  use.       The  location,  in-plant 
design,  construction,   supervision  and  operation  of  a  water 
supply  system  should  be  such  as  to  provide  the  best  quality 
of  water  that  is  economically  feasible. 

Colour 

Colour  is  important  from  an  aesthetic  point  of  view 
and  as  an  agent  which  may  impart  stains  to  clothes,  foods 
and  household  fixtures.       In  addition,  high  amounts  of  colour 
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reflect  the  presence  of  undesirable  organic  substances. 
The  OWRC  has  established  5  T.C.U.    (True  Colour  Units)  as 
an  objective  for  colour.       Bernard  Lake  proved  to  be  within 
acceptable  limits  on  the  September  17  visit.       However,  on 
September  30,  water  samples  collected  from  the  three  sampling 
locations  were  characterized  by  values  of  10  T.C.U.  which 
exceeded  the  OWRC ' s  objective,  but  well  within  the  acceptable 
limit  of  15  T.C.U.   adopted  by  the  Department  of  National 
Health  and  Welfare,   Canada   (Canadian  Drinking  Water  Standards 
and  Objectives  1968) . 

Turbidity 

Turbidity  should  be  minimal  to  ensure  clarity  and 
a  pleasing  appearance  of  the  finished  water.       Also,  high 
levels  of  turbidity  may  affect  disinfection  processes  by 
overloading  treatment  facilities.       The  OWRC  has  established 
an  objective  of  1  J.T.U.    (Jackson  Turbidity  Unit).  The 
turbidity  of  Bernard  Lake  ranged  between  1.0  and  3.3  J.T.U. , 
thereby  exceeding  the  objective;  nonetheless,    levels  were 
still  below  an  acceptable  limit  of  5  J.T.U.    (C.D.W.S.O.  1968). 

Temperature 

Water  temperatures  should  be  cool  enough  to  be  re- 
freshing; therefore,  an  objective  of  10°C  or  less  has  been 
established  by  the  Department  of  National  Health  and  Welfare 

(C.D.W.S.O.    1968)   with  an  acceptable  limit  of  15 °C.  The 
latter  figure  was  selected  as  organic  growths  tend  to  develop 
especially  well  at  higher  temperatures  in  low  flow  portions 
and  dead  ends  in  a  distribution  system.       Additionally,  taste 
and  odours  are  intensified  at  temperatures  exceeding  15 °C. 
Water  temperatures  at  30  and  35  feet  at  Station  B  ranged 
between  15.0  and  19.5°C.   during  July,  August  and  September 

(Fig.'s.    2a  -  2e)    thereby  exceeding  acceptable  limits.  In 
contrast,  water  temperatures  near  the  bottom  at  Station  A 
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(75  and  80  feet)    and  Station  C   (125  feet)    in  excess  of 
il.0°C  were  never  recorded.       An  intake  located  at  30- 
35  feet  would  provide  warmer  water  during  the  summer 
months ;  whereas  one  extending  well  into  the  hypolimnion 
where  cooler  temperatures  prevail  would  be  more  satis- 
factory. 

pH 

The  maintenance  of  a  proper  pH  range  is  essential 
as  the  effectiveness   (rate  and  percent  kill  of  organisms) 
of  chlorine  disinfection  processes  decreases  as  the  pH  in- 
creases and  scaling  and  corrosion  tendencies  increase  if 
the  pH  is  too  low.       Water  having  pH  characteristics  ranging 
between  6.5  and  8.3  is  considered  acceptable,  provided  other 
conditions  are  satisfactory.    pH  readings  in  Bernard  Lake 
were  well  within  this  range. 

Phosphorus 

It  is  difficult  to  establish  judicious  criteria  for 
limiting  levels  of  inorganic  phosphorus  in  surface  waters 
owing  to  the  rather  complex  role  this  element  has  in  the 
aquatic  ecosystem.       It  is  generally  accepted;  however, 
that  phosphorus  is  critical  in  stimulating  plant  and  algal 
growths  in  the  presence  of  other  essential  growth  factors. 
Additionally,  phosphates  have  been  known  to  interfere  with 
water  coagulation  processes  through  the  formation  of  in- 
soluble complex  phosphate  compounds,   at  concentrations  as 
low  as  0.1  mg/1   (as  P04) .       Phosphorus  levels  in  Bernard 
Lake  were  well  below  an  objective  of  0.065  mg/1  as  P  (as 
established  by  the  Department  of  National  Health  and  Welfare) , 
with  two  exceptions.       The  exceptions,   0.081  and  0.099  mg/1 
at  the  15  and  30  foot  depths  occurred  at  Station  A  on  July  3. 
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Iron 

Troublesomelevels  of  iron  are  especially  objection- 
able in  waters  used  for  domestic  purposes.       For  example, 
excessive  levels  of  iron  may  impart  an  orange  or  brownish 
colour  to  laundered  goods,   stain  plumbing  fixtures,  cause 
a  deposition  of  a  slimy  coating  on  household  fixtures  and 
promote  the  development  of  filamentous  iron  bacteria  such 
as  Leptothrix  in  the  distribution  system.       Finally,  tastes 
of  finished  water  and  beverages  may  be  decidedly  impaired 
by  high  levels  of  iron.       As  outlined  in  the  Canadian  Drinking 
Water  Standards  and  Objectives  1968,   "  The  suggested  accep- 
table limit  of  0.3  mg/1  is  based  on  considerations  of  effects 
on  household  uses,   and  the  objective  limit  of  0.05  mg/1  on 
taste  considerations" .       Station  A  was  very  close  to  the 
objective  limit  in  all  but  a  few  samples.       Station  B  on 
the  other  hand  was  characterized  by  several  values  in 
excess  of  the  acceptable  limit   (for  example,  maximum  values 
at  3,   15  and  30  feet  were  0.65,   0.35  and  0.50  mg/1,  respec- 
tively) •     Traces  of  iron  were  not  detected  at  Station  C. 
It  is  apparent  that  the  deeper  waters  of  Bernard  Lake  are 
more  suitable  as  a  source  of  municipal  supply,   at  least 
relative  to  iron  considerations. 

Ammonia 

As  described  in  the  Canadian  Drinking  Water  Standards 
and  Objectives  1968,   ammonia  concentrations  should  be  rela- 
tively low  as  it  can  react  readily  with  chlorine  to  form 
compounds  with  markedly  less  disinfecting  efficiencies  than 
the  HOCl  molecular  or  even  0Cl~  forms  of  free  chlorine. 
Additionally,   ammonia  may  promote  the  growth  of  organisms 
and  cause  corrosion  in  a  distribution  system.       The  objective 
and  acceptable  limit  which  have  been  established  by  the 
Department  of  National  Health  and  Welfare  are  0.01  mg/1 
and  0.5  mg/1  as  N,   respectively.       Ammonia  levels  in 
Bernard  Lake  were  within  this  range  throughout  the  entire 
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sampling  period  as  concentrations  never  exceeded  0.23  mg/1 
as  N. 

Nitrate 

A  limit  of  10.0  mg/1  on  nitrate  plus  nitrite  as 
N  is  based  on  the  relationship  established  between  these 
compounds  and  the  possible  occurrence  of  infantile  meta- 
haemoglobinemia.         Most  reported  cases  of  this  disease 
have  been  associated  with  the  use  of  water  containing  45.0 
mg/1  or  more  nitrates  as  N03~in  waters  which  were  exclusively 
an  underground  source  of  supply.       As  expected,  Bernard  Lake 
was  well  below  acceptable  limits. 

Silica 

Silica   (measured  as  SiC^)    is  present  naturally  in 
all  surface  waters  and  is  an  important  constituent  of  the 
skeletal  structure  of  diatoms.       In  waters  where  high  levels 
of  silica  occur,  water  treatment  problems  related  to  filter- 
clogging  and  taste  and  odour  production  may  develop.  Silica 
in  Bernard  Lake  did  not  appear  high  enough  to  pose  any  major 
problem. 

Bacteriological  considerations 

Water  from  Stations  A  and  B  in  Bernard  Lake  is  well 
within  water  quality  standards  for  domestic  supply,  as 
assessed  on  the  basis  of  a  seasonal  geometric  mean  for 
coliform  counts  of  5,000  per  100  ml   (see  Table  3). 

Biological  aspects  of  water  supply 

Many  water- treatment  plant  personnel  consider  algae 
as  nuisances  owing  to  their  ability  to  clog  filters  (there- 
by reducing  filter  runs) ,  and  impart  obnoxious  tastes  and 
odours  to  the  water.       In  all  instances  problems  stem  from 
an  overabundance  of  algae;  however,   the  numbers  required  to 
create  difficulties  will  vary  from  species  to  species  and 
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from  one  specific  problem  to  the  other.       It  is  a  well 
known  fact  that  diatom  levels  are  related  to  reduced  filter 
runs  where  pre-f iltration  facilities  are  inadequate.  The 
rigid  cell  walls  of  the  diatoms  are  silicified  and  are  not 
subject  to  decomposition.       Therefore,   even  though  the 
diatoms  may  die-off  rapidly  on  the  surface  of  the  filter, 
their  silica  walls  remain  to  plug  the  pores  in  the  sand. 
Published  information  and  experience  has  indicated  that  the 
most  serious  offenders  are  Fragilaria,   Tabellaria,   Asterionella , 
Synedra,   Stephanodiscus  and  Melosira.       All  of  these  phyto- 
plankters  were  identified  from  samples  collected  from  Lake 
Bernard.       It  is  difficult  to  make  definite  statements  con- 
cerning the  relationships  between  algal  populations  and  filter- 
clogging  owing  to  varying  biological,   chemical  and  physical 
conditions  and  the  efficiency  of  pre-f iltration  processes. 
Although  diatom  levels  as  low  as  600  a.s.u.   per  ml  have 
been  reported  to  reduce  filter  runs,   generally  it  is  only 
when  such  levels  exceed  1,500  a.s.u.   per  ml  that  difficulties 
in  maintaining  normal  filter  runs  may  be  anticipated.  These 
levels  never  materialized  in  Bernard  Lake. 

The  aforementioned  diatoms  have  been  known  to  affect 
the  palatability  of  the  water.       Usually,   odours  persist 
when  levels  exceed  2,500  a.s.u.   per  ml.       However,  such 
levels  were  never  encountered  during  the  course  of  the  study. 

A  number  of  samples  contained  troublesome  levels  of 
the  odour-producing  flagellates  Dinobryon,  Peridinium, 
Chlamydomonas  and  Trachelomonas .       Only  small  numbers  of 
these  organisms   (i.e.   25-250  a.s.u.   per  ml)   need  be  present 
in  a  municipal  supply  system  to  produce  undesirable  tastes 
and  odours.       During  May  and  June  unpalatable  conditions 
(probably  fishy-like  odours)   may  have  occurred  in  Bernard 
Lake,  mainly  owing  to  the  presence  of  relatively  high 
numbers  of  Dinobryon,   Peridinium  and  Trachelomonas. 


Destruction  of  some  of  the  flagellated  forms  such  as 
Dinobryon  by  bacteriological  doses  of  chlorine  may  change 
or  intensify  the  nature  of  the  odour.       It  should  be 
emphasized  that  over  the  past  few  years,   a  number  of  small 
northern  Ontario  lakes   (Apsey  Lake  near  Espanola,  Clarke 
Lake  near  Bancroft,  Turner  Lake  near  Cache  Bay,   Gull  Lake 
near  Kirkland  Lake  and  Ruhl  Lake  near  Hanover)  have 
supported  one  or  more  species  of  odour-producing  flagellates 
including  Trachelomonas ,   Peridinium,   Synura  and  Dinobryon. 
These  lakes  do  not  appear  to  be  enriched  either  on  the  basis 
of  their  chemical  and  physical  attributes  or  their  levels 
of  primary  productivity.       Nonetheless,   the  lakes  have 
been  rendered  periodically  unpalatable  because  of  the 
presence  of  small  numbers  of  one  or  more  flagellated  species. 
On  this  basis,   recurring  algal-caused  tastes  and  odours  in 
Bernard  Lake  are  a  definite  possibility. 

The  blue-green  form  Anacystis  which  developed 
during  the  late  summer  in  Lake  Bernard  has  been  known  to 
cause  malodourous  conditions.       However,   related  odours 
are  experienced  only  when  exceptionally  high  corresponding 
a.s.u.   values  occur. 

During  certain  periods  of  the  year  water  taken  from 
the  euphotic  zone  in  Bernard  Lake  for  municipal  supply 
purposes  would  contain  relatively  high  algal  levels.  Water 
taken  from  a  depth  below  the  euphotic  zone,  yet  above  the 
water  strata  where  reduction  occurs   (i.e.    75-80  feet)  would 
be  most  satisfactory. 

Plans  for  a  municipal  sewage  treatment  system  are 
currently  being  considered  for  the  Village  of  Sundridge. 
A  proposal  has  been  made  for  one  or  more  lagoons  which  will 
discharge  effluent  via  a  small  creek  into  the  north-western 
portion  of     Bernard  Lake.  It  should  be  pointed  out 
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th  at  nutrients  from  the  lagoon (s)   will  be  instrumental 
in  increasing  the  lake's  fertility.       Considering  water 
treatment,   the  consequences  would  be  increased  standing 
stocks  of  algae  and  more  frequent  algal-caused  tastes 
and  odours.       In  addition,   there  will  be  an  accelerated 
enrichment  of  the  lake  which  will  have  essential  implica- 
tions on  recreational  use,   a  factor  of  considerable 
importance  in  view  of  current  resort  and  cottage  develop- 
ment and  the  proximity  of  the  lake  to  the  municipality  of 
Sundridge. 
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GLOSSARY  OF  TERMS 

ACCEPTABLE  LIMITS       -       the  limits  should  not  be  exceeded 
whenever  more  suitable  supplies  are,  or  can  be  made, 
available  within  the  technological  and  economic  resources 
of  the  community.       Substances  in  this  category,  when 
present  in  concentrations  above  the  indicated  limits,  are 
either  objectionable  to  a  significant  number  of  people  or 
capable  of  producing  deleterious  health  or  other  effects. 
When  periodic  evaluations  of  the  quality  confirm  that  the 
water  as  supplied  falls  between  the  objective  and  acceptable 
limits,  a  more  frequent  and  comprehensive  surveillance 
programme  should  be  instituted.       Any  water  supply,  when 
exceeding  the  acceptable  limits  in  one  or  more  of  the 
quality  characteristics,   should  be  assessed  on  its  indivi- 
dual merits  as  to  its  suitability  and  safety  from  health, 
aesthetic,   and  other  viewpoints   (C.D.W.S.O.  1968). 

ALGAE      -      an  assemblage  of  simple,  mostly  microscopic 
non-vascular  plants  containing  photosynthetic  pigments 
such  as  chlorophyll.       Algae  occur  suspended  in  water 
(phytoplankton)    and  as  filaments  attached  to  rocks  and 
other  substrates.       Some  algae  may  produce  nuisance  con- 
ditions when  environmental  conditions  are  suitable  for 
prolific  growth. 

BLUE-GREEN  ALGAE  -  a  group  of  algae  with  a  blue  pig- 
ment, in  addition  to  the  green  pigment  -  chlorophyll.  A 
foul  odour  is  often  associated  with  the  decomposition  of 
dense   'water-blooms'   of  blue-green  algae  in  fertile  lakes. 
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DIATOMS      -       one  of  the  most  important  groups  of  micro- 
scopic algae  found  in  freshwater.       Diatoms  are  distin- 
guished by  their  silica  cell  walls   (consisting  of  two 
halves,  one  fitting  into  the  other  like  a  box  and  its 
lid)   and  by  their  yellow  or  brown  colour. 

DISSOLVED  OXYGEN      -       atmospheric  oxygen  which  is  dis- 
solved in  water  and  can  be  expressed  as  parts  per  million 
or  percent  saturation. 

EPILIMNION      -       the  uniformly  warmer  and  turbulent  super- 
ficial layer  of  a  lake  when  it  is  thermally  stratified 
during  the  summer.       The  layer  above  the  thermocline   (Fig. 8)  . 

EUPHOTIC  ZONE      -       the  lighted  region  that  extends  ver- 
tically from  the  water  surface  to  the  level  at  which  photo- 
synthesis fails  to  occur  because  of  ineffective  light 
penetration. 

EUTRO PHI CATION      -       the  process  of  progressively  becoming 
more  eutrophic  with  increasing  enrichment  in  the  supply  of 
plant  nutrients.       It  refers  to  the  whole  complex  of  changes 
which  accompanies  increasing  enrichment  with  plant  nutrients. 
The  end  result  is  always  the  same;  the  production  of  dense 
nuisance  growths  of  algae  and  aquatic  weeds  which  generally 
degrade  water  quality  and  render  the  lake  useless  for  many 
purposes. 

FLAGELLATED  ALGAE       -         a  group  of  algae  which  have  one  or 
more  whip-like  appendages   (flagella)   per  cell.       The  flagella 
are  used  for  movement. 

GREEN  ALGAE      -         a  group  of  algae  which  have  pigments 
similar  in  colour  to  those  of  higher  green  plants. 
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EPILIMNION    -     the  warm   (higher)    upper  layer  of  water 

THERMOCLINE  -     the  transition  layer  of  rapid  temperature 

change  between  the  upper  warm  layer  and 
the  deep  cold  water 

HYPOLIMNION  -     the  deep  cold   (heavier)   water  zone  below 

the  thermocline 


Fig.  8.  Section  of  Bernard  Lake  showing  the  three  layers 
resulting  from  thermal  stratification  during  the 
summer  months. 
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HYPOLIMNION      -       the  uniformly  cold  and  deep  layer  of  a 
lake  when  it  is  thermally  stratified  during  the  summer. 
The  hypolimnion  is  below  the  thermocline   (Fig.  8  )    and  is 
generally  removed  from  surface  influence   (i.e.   does  not 
receive  oxygen  from  the  atmosphere) . 

LUGOL ' S  IODINE      -       a  preservative  for  algae  containing 
potassium  iodide,   iodine  and  water. 

METHEMOGLOBINEMIA      -       a  disease  caused  by  the  presence 
of  methaemoglobin  in  the  blood.       Methaemoglobin  is  the 
modified  oxyhaemoglobin  or  an  oxidized  heme  containing 
ferric  iron  combined  with  the  normal  globin. 

METAL IMNI ON       -       see  THERMOCLINE 

MICRON      -       a  unit  of  measurement  equal  to  0.001  milli- 
metres . 

OBJECTIVE  LIMITS      -       these  limits  should  be  interpreted 
as  the  long-term  quality  goal  to  be  reached.       It  is  implied 
that  water  supplies,  which  meet  these  requirements,  are  of 
very  good  and  safe  quality  from  health,   aesthetic  and  other 
viewpoints    (C.D.W.S.O.  1968). 

PHOTOSYNTHESIS      -       the  process  by  which  simple  sugars  are 
manufactured  from  carbon  dioxide  and  water  by  living  plant 
cells  with  the  aid  of  chlorophyll  in  the  presence  of  light. 

PHYTOPLANKTON      -       free-floating  microscopic  algae  which 
are  slightly  motile  and  exist  at  or  near  neutral  bouyancy. 

PLANKTON      -       an  assemblage  of  micro-organisms,  both  plant 
and  animal,   that  either  have  relatively  small  powers  of 
locomotion  or  drift  in  the  water  subject  to  the  action  of 
waves  and  currents. 
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SECCHI  DISC      -       a  circular  metal  plate,   20  centimetres 
in  diameter,  the  upper  surface  of  which  is  divided  into 
four  equal  quadrants  and  so  painted  that  two  quadrants 
directly  opposite  each  other  are  black  and  the  intervening 
ones  white.       The  Secchi  disc  is  used  to  estimate  the 
depth  of  the  euphotic  zone. 

SEDGWICK- RAFTER  COUNTING  CELL       -       a  plankton-counting 
cell  consisting  of  a  brass  or  glass  receptacle  50  x  20  x  1 
millimetres  sealed  to  a  1  x  3  inch  glass  microscope  slide. 
A  rectangular  cover  glass  large  enough  to  cover  the  whole 
cell  is  required.       The  cell  has  a  capacity  of  exactly 
1  millilitre. 

STANDING  STOCK      -       the  biota  present  in  an  environment 
at  a  selected  point  in  time. 

THERMAL  STRATIFICATION      -       in  the  spring,  vertical  tem- 
peratures in  a  lake  or  reservoir  are  homogenous  from  top 
to  bottom.       As  summer  advances,   the  surface  waters  become 
warmer  and  lighter  than  the  underlying  colder,  denser 
waters.       A  thermal  gradient  or  stratification  is  established 
in  which  various  water  layers  can  be  defined  (Fig.   8  ) . 

THE RMOCL I NE      -       the  transition  layer   (Fig. 8  )   of  rapid 
temperature  change  between  the  upper  warm  water  layer  and 
the  cold  deep-water  layer.       It  is  usually  defined  by  a 
change  in  temperature  of  1°C  for  each  metre  of  water  depth. 

TROPHIC  STATUS      -       depending  on  the  degree  of  plant 
nutrient  enrichment  and  resulting  biological  productivity, 
lakes  are  generally  classified  into  three  intergrading 
types:  oligotrophic ,  mesotrophic  and  eutrophic.       If  the 
supply  of  plant  nutrients  to  an  extremely  oligotrophic 
lake  is  progressively  increased,  the  lake  will  become  more 
mesotrophic  in  character;  with  further  enrichment  it  will 
eventually  become  eutrophic. 


Date  Due 


i 

Ontario  Water  Resources  Comm. 
Division  of  Laboratories.  Biol. 
Branch. 

Water  duality  evaluation  of 
■  Benard  Lake. 

DATE 

ISSUED  TO  fi$/tyf*j 

"OCT  10 

MOE/BER/WAT/ASAM 
Michalski,  M  F  P 
Water  quality 

evaluation  of  asam 
c  .  1        a  aa 


